graine with aura, may be associated with other vascular events, not just ischemic stroke. Although an association between migraine and chest pain has been described, 19, 20 an association between migraine and coronary events has not been firmly established. 21 In a previous report from the Women's Health Study (WHS), migraine was not associated with coronary heart disease after a mean of 6 years of follow-up. 22 However, the number of outcome events was too small to conclusively assess the association between migraine with aura and coronary heart disease.
We thus evaluated the association between migraine with or without aura and subsequent risk of overall and specific ischemic vascular events in the WHS, a large, prospective cohort of apparently healthy women, during a mean of 10 years of follow-up.
METHODS

Study Population
The WHS was a randomized, placebocontrolled trial designed to test the benefits and risks of low-dose aspirin and vitamin E in the primary prevention of cardiovascular disease (CVD) and cancer among apparently healthy women. The design, methods, and results have been described in detail previously. [23] [24] [25] Briefly, a total of 39 876 US female health care professionals aged 45 years or older at study entry (1992) (1993) (1994) (1995) without a history of CVD, cancer, or other major illnesses were randomly assigned to receive active aspirin (100 mg on alternate days), active vitamin E (600 IU on alternate days), both active agents, or both placebos. All participants provided written informed consent, and the institutional review board of Brigham and Women's Hospital, Boston, Mass, approved the WHS. Baseline information was selfreported and collected by a mailed questionnaire that asked about many cardiovascular risk factors and lifestyle variables. Twice in the first year and yearly thereafter, participants were sent follow-up questionnaires asking about study outcomes and other information during the study period. For this analysis, we included follow-up information from the time of randomization through March 31, 2004 . As of this date, morbidity follow-up was 97.2% complete and mortality follow-up was 99.4% complete.
Blood samples were collected in tubes containing EDTA from 28 345 participating women prior to randomization. A total of 27 939 samples could be assayed for total, high-density lipoprotein, and directly obtained lowdensity lipoprotein cholesterol with the use of reagents from Roche Diagnostics (Basel, Switzerland) and Genzyme (Cambridge, Mass). Of these, we excluded 79 women with missing migraine information and 20 who reported angina prior to study entry, leaving 27 840 women free of CVD or angina at baseline for this study.
Assessment of Migraine
The baseline questionnaire elicited detailed information about migraine. Participants were asked, "Have you ever had a migraine headache?" and "In the past year, have you had a migraine headache?" We defined 3 main categories: (1) no migraine history; (2) active migraine, which includes women with selfreported migraine in the year prior to completing the baseline questionnaire; and (3) prior migraine, which includes women who reported ever having had a migraine but none in the year prior to completing the questionnaire. Participants who reported active migraine were asked details about their migraine attacks, including attack duration of 4 to 72 hours, unilateral location of pain, pulsating quality, inhibition of daily activities, aggravation by routine physical activity, sensitivity to light, sensitivity to sound, and nausea or vomiting. This information allowed us to classify women based on modified 1988 International Headache Society (IHS) criteria for migraine. 26 Of the women who reported active migraine, 46.6% fulfilled all modified IHS criteria for migraine (code 1.1) and 83.5% fulfilled all but 1 modified IHS criteria (code 1.7, migrainous disorder). Participants who reported active migraine were further asked whether they had an "aura or any indication a migraine is coming." Responses were used to classify women who reported active migraine into active migraine with aura and active migraine without aura, similar to previous studies. 8, 22 However, we did not have further details to classify migraine aura based on IHS definitions. To more directly compare our results with those of other studies, we also created a fourth category, "any history of migraine," that included women who reported active migraine and prior migraine.
Outcome Ascertainment
During follow-up, participants selfreported cardiovascular events, coronary revascularization, and angina. Medical records were obtained for all cardiovascular events and coronary revascularizations, but not angina, and reviewed by an end points committee of physicians. Nonfatal stroke was confirmed if the participant had a new focalneurologic deficit of sudden onset that persisted for more than 24 hours and classified into its major subtypes based on available clinical and diagnostic information with excellent interrater agreement. 27 The occurrence of myocardial infarction was confirmed if symptoms met World Health Organization criteria and if the event was associated with abnormal levels of cardiac enzymes or diagnostic electrocardiogram results. Cardiovascular deaths were confirmed by review of autopsy reports, death certificates, medical records, or information obtained from next of kin or family members.
The primary outcome was major CVD, a combined end point defined as the first of any of these events: nonfatal ischemic stroke, nonfatal myocardial infarction, or death due to ischemic CVD. We also evaluated the association between migraine and any first ischemic stroke, myocardial infarction, coronary revascularization, angina, and death due to ischemic CVD.
Statistical Analyses
We compared the baseline characteristics of participants with respect to MIGRAINE AND CARDIOVASCULAR DISEASE IN WOMEN their migraine status using the general linear models procedure (SAS statistical software, version 9.1, SAS Institute Inc, Cary, NC) for continuous measurements, adjusting for age. We used direct standardization to adjust categorical variables and incidence rates of CVD for age in 5-year increments.
We used Cox proportional hazards models to evaluate the association between migraine status and the various outcomes. We calculated age-and multivariable-adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs). The multivariable model controlled for age (continuous), systolic blood pressure categories (10- , alcohol consumption (rarely/never, 1-3 drinks/mo, 1-6 drinks/wk, or Ն1 drinks/d), exercise (rarely/never, less than once a week, 1-3 times a week, or Ն4 times a week), postmenopausal status, postmenopausal hormone use (never, past, or current), history of oral contraceptive use (yes or no), family history of myocardial infarction prior to age 60 years (yes or no), low-and high-density lipoprotein plasma levels (quartiles), cholesterol-lowering medication use (yes or no), as well as randomized treatment assignments. We incorporated a missing value indicator in the outcome models if the number of women with missing information was 100 or more and imputed a value otherwise.
We tested the proportionality assumption of the Cox proportional hazards models by including an interaction term for migraine status with the logarithm of time and found no statistically significant violation.
We evaluated effect modification by age (Ͻ50, 50-59, or Ն60 years), history of hypertension (yes or no), smoking status (never, past, or current), total cholesterol level (Ͻ200, 200-239, or Ն240 mg/dL [Ͻ5. 17, 5.17-6.20, or Ն6.21 mmol/L]), history of oral contraceptive use (yes or no), and current postmenopausal hormone use (yes or no). We assessed statistical significance of effect modification by adding a multiplicative term for dichotomous variables to the models, and used a trend test across the mean values of categorical variables. All P values were 2-tailed, and PϽ.05 was considered statistically significant.
RESULTS
Of the 27 840 participants, 5125 (18.4%) reported any history of migraine. Of the 3610 women with active migraine, 1434 (39.7%) reported aura. TABLE 1 summarizes the women's age-adjusted baseline characteristics according to migraine status. Compared with women with no migraine history, women with active migraine with aura had a more unfavorable cholesterol profile and were less likely to currently smoke cigarettes, to regularly consume alcohol, and to regularly exercise. They were less likely to be premenopausal but more likely to currently use postmenopausal hormones or to have a history of oral contraceptive use and were more likely to report a family history of myocardial infarction prior to age 60 years. The most adverse cardiovascular risk profile, however, was recorded for women who indicated prior migraine-they were older, had unfavorable cholesterol levels, and were more likely to be hypertensive or obese or to currently smoke cigarettes.
During a mean of 10 years of follow-up (278 086 person-years), we confirmed 580 first major CVD events, 251 ischemic strokes, 249 myocardial infarctions, and 130 ischemic CVD deaths. In addition, 514 coronary revascularizations and 408 cases of angina occurred. In TABLE 2, we report the ageadjusted incidence rates of the outcome events per 10 000 women per year according to migraine status. Compared with women with no migraine history, the incidence rates of all outcome events were increased among women who reported active migraine with aura. After adjusting for age, there were 18 additional major CVD events attributable to migraine with aura per 10 000 women per year. Women with prior migraine had increased incidence rates specifically for coronary revascularization and angina. In contrast, women with active migraine without aura had incidence rates similar to women with no migraine history. TABLE 3 summarizes the age-and multivariable-adjusted associations between migraine status and the various vascular events. Compared with women with no migraine history, women who reported any history of migraine were at increased risk of all evaluated ischemic vascular outcomes, with the exception of ischemic stroke. The increased risk of CVD was strikingly different according to migraine aura status. Compared with women with no migraine history, women who reported active migraine with aura had multivariable-adjusted HRs of 2.15 (95% CI, 1.58-2.92; PϽ.001) for major CVD, 1.91 (95% CI, 1.17-3.10; P=.01) for ischemic stroke, 2.08 (95% CI, 1.30-3.31; P = .002) for myocardial infarction, 1.74 (95% CI, 1.23-2.46; P=.002) for coronary revascularization, 1.71 (95% CI, 1.16-2.53; P = .007) for angina, and 2.33 (95% CI, 1.21-4.51; P = .01) for ischemic CVD death. Women who reported prior migraine had significantly increased risk of coronary revascularization and angina. Women who reported active migraine without aura did not have significantly increased risks of any CVD event or angina compared with women without migraine history.
FIGURE 1 shows the age-adjusted cumulative incidence of major CVD and FIGURE 2 shows the age-adjusted cumulative incidence of specific CVD for women with no migraine, active migraine with aura, and active migraine without aura. The curves diverge after a mean follow-up of approximately 6 years, showing increased risks of all evaluated outcomes for women who reported active migraine with aura. The incidence rates of CVD death showed a similar pattern (data not shown).
The association between active migraine with aura and major CVD was not significantly modified by age or total cholesterol levels. The association between active migraine with aura and ischemic stroke was significantly modified by age (P = .01) and marginally significantly modified by total cholesterol levels (P=.06), with the highest association among women younger than 50 years (HR, 6.16; 95% CI, 2.34-16.21) and women with total cholesterol levels of less than 200 mg/dL (Ͻ5.17 mmol/L) (HR, 3.80; 95% CI, 1.85-7.80). In contrast, the association between active migraine with aura and myocardial infarction was not significantly modified by age or cholesterol levels and remained elevated among women aged 60 years or older (HR, 1.95; 95% CI, 0.91-4.19) and those with cholesterol levels of 240 mg/dL or higher (Ն6.21 mmol/L) (HR, 2.80; 95% CI, 1.48-5.30). The association between active migraine with aura and major CVD, ischemic stroke, or myocardial infarction was not statistically significantly modified by smoking status, history of hypertension, or use of oral contraceptives or postmenopausal hormone therapy. The association between active migraine without aura and any outcome event was not statistically significantly modified by any of the evaluated factors.
COMMENT
In this large, prospective study of initially apparently healthy women aged 45 years or older, any history of migraine was associated with increased risk of major CVD. This increased risk was strikingly different according to aura status. Compared with no migraine history, active migraine with aura was associated with a significantly increased risk of subsequent major cardiovascular events, ischemic stroke, myocardial infarction, coronary revascularization, angina, and death due to ischemic CVD after a mean follow-up of 10 years. These increased risks, which remained after adjusting for a large number of cardiovascular risk factors, ranged from a 1.7-fold increase for coronary revascularization to a 2.3-fold increase for cardiovascular death. Women with prior *Women who indicated a history of migraine but no active migraine in the previous year. †P values were calculated from 3 df log-rank tests. ‡A major cardiovascular event was defined as the first of any of these events: nonfatal ischemic stroke, nonfatal myocardial infarction, or death due to ischemic cardiovascular cause. §Includes reports of coronary artery bypass graft surgery or percutaneous coronary angioplasty. *Calculated as the sum of women with active migraine with aura, active migraine without aura, and prior migraine. †Women who indicated a history of migraine but no active migraine in the previous year. ‡A major cardiovascular event was defined as the first of any of these events: nonfatal ischemic stroke, nonfatal myocardial infarction, or death due to ischemic cardiovascular cause. §The multivariable models are adjusted for age, systolic blood pressure, antihypertensive medication use, history of diabetes, body mass index, smoking, alcohol consumption, exercise, postmenopausal status, postmenopausal hormone use, history of oral contraceptive use, family history of myocardial infarction prior to age 60 years, low-density and highdensity lipoprotein cholesterol, cholesterol-lowering medication use, and randomized treatment assignments. Includes reports of coronary artery bypass graft surgery or percutaneous coronary angioplasty.
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©2006 American Medical Association. All rights reserved. migraine had increased risk of coronary revascularization and angina. In contrast, women who reported active migraine without aura did not have significantly increased risk for any ischemic vascular event.
While the increased risk of ischemic stroke among persons with migraine with aura has been well established, [7] [8] [9] [10] the association between migraine with aura and overall CVD, particularly coronary heart disease, is less clear. 21 A large cohort study of more than 12 000 individuals participating in the Atherosclerosis Risk in Communities Study found significant associations between migraine and angina compared with those without a headache history; the association was consistently stronger for participants who reported aura symptoms. 20 In contrast, there was no significant association between migraine or aura classification and coronary heart disease. Several methodological differences may explain this discrepancy with our findings. These include the headache status ascertainment, which was performed after at least 6 years of follow-up and, thus, was conditional on survival, and the categorization of participants into "other headache with aura," which most likely were also migraine headaches. Interestingly, women in this category had a 1.7-fold increased risk of coronary heart disease, which, however, was not statistically significant. 20 Two studies found associations between migraine and existing vascular events 11, 28 and 2 other large studies found associations between migraine and coronary events only in subgroupsone among women with a family history of myocardial infarction 19 and the other among persons with migraine who did not have prescriptions for triptans. 29 Another study 30 and a previous report of the WHS 22 did not demonstrate associations between overall migraine and major coronary events. In the previous report from the WHS, any migraine history was not associated with increased risk of subsequent major coronary heart disease after a mean follow-up of 6 years. However, there was a suggestion of increased risk of major coronary events for women with migraine with aura (HR, 1.50; 95% CI, 0.61-3.70) compared with women without migraine. Given the findings reported here, the trend was likely not significant due to the shorter follow-up and smaller number of outcome events. With regard to mortality, a cohort study suggested a reduced risk of death among women who reported at least 1 migraine feature compared with all other women. 31 In this study, however, no aura information was available.
The biological links by which migraine may be associated with ischemic vascular events are likely to be complex; their precise mechanisms are currently unknown. Migraine has been associated with increases in prothrombotic or vasoactive factors, including prothrombin factor 1.2, 12 factor V Leiden, 13 serotonin, 14 von Willebrand factor, 32 and endothelin. 33 The release of vasoactive neuropeptides during migraine attacks that may stimulate inflammatory responses has also been implicated. 34 Some of these have been specifically associated with migraine with aura.
12-14 Furthermore, migraine, particularly migraine with aura, has been associated with the methylenetetrahydrofolate reductase C677T genotype, 15, 16 which is associated with increased homocysteine levels, a risk factor for vascular events. Thus, a synergistic effect between the vascular and endothelial dysfunction of migraine and factors that increase the risk of thrombotic events can be envisioned.
Migraine with aura has also been associated with a more detrimental cardiovascular risk profile, including elevated cholesterol levels, higher blood pressure, higher likelihood of hypertension, and increased Framingham risk score for coronary heart disease. 11 Thus, it is possible that migraine with aura may be a characteristic that identifies women at increased risk of progressive atherosclerosis and subsequent vascular events. Since coronary stenoses and angina are not caused by thromboembolic events, the association between active migraine with aura and these events in our study may indirectly support this hypothesis. However, the increased risk of any evaluated vascular event remained after controlling for a large number of cardiovascular risk factors.
Since migraine with aura has been linked with silent brain infarctions 10 and has been described as a consequence of Major cardiovascular disease (CVD) was defined as the first occurrence of any of the following events: nonfatal ischemic stroke, nonfatal myocardial infarction, or ischemic CVD death. Mean (SD) of follow-up, 9.9 (1.2) years. An incidence curve is not shown for women with prior migraine (women who indicated a history of migraine but no active migraine in the previous year; n=1515).
a genetically determined arteriopathy, 35 a genetic component with endothelial damage may also be a plausible explanation for the increased risk of vascular events. With regard to ischemic stroke, an association between migraine with aura and congenital heart defects, particularly patent foramen ovale, has been proposed as another potential mechanism. 36 This, however, is unlikely to explain the association between migraine with aura and coronary vascular events.
The shapes of the cumulative incidence curves for all outcome events show a striking increased risk after a mean of approximately 6 years of follow-up. Potential explanations for this, however, are currently speculative and would have to involve a differential effect for migraine with aura. Aside from chance, such explanations may include the design of the WHS, underlying biological mechanisms that increase the risk of CVD only after some time period, or a change in environmental factors during follow-up.
Our study has several strengths, including a large number of participants and outcome events, high participation rate, long follow-up, prospective design, use of standardized questionnaires, and the homogenous nature of the cohort, which may reduce confounding. Furthermore, an end points committee of physicians confirmed all outcome events, with the exception of angina, after medical record review. Mean (SD) of follow-up for ischemic stroke, 9.9 (1.1) years; for myocardial infarction, 10.0 (1.1) years; for coronary revascularization, 9.9 (1.2) years; and for angina, 9.9 (1.2) years. Incidence curves are not shown for women with prior migraine (women who indicated a history of migraine but no active migraine in the previous year; n=1515).
Several limitations of our study should be considered. First, migraine and aura status were self-reported and were not classified according to strict IHS criteria. 26 Thus, potential nondifferential misclassification is possible; it would, however, likely yield an underestimation of the migraine-CVD association. Our migraine ascertainment allowed us to classify migraine according to modified IHS criteria. 26 In our study population, as well as in a substudy of the WHS, 37 there was consistent agreement with modified 1988 IHS criteria of migraine. In addition, we did not find significant effect modification of the association between active migraine and major CVD or individual outcomes by modified IHS classification status, nor did we find a significant association between nonmigraine headache and any CVD events (data not shown).
Second, our aura definition was broad and we had no further details to classify participants according to the IHS criteria for migraine aura. However, the aura prevalence in our study is in the range of that observed in other large population-based studies, 3, 38 particularly to the 37% among women with migraine in the American Migraine Study II. 3 Furthermore, potential misclassification of self-reported aura status would likely yield an underestimation of the association between active migraine with aura and CVD events.
Third, since some aura features are difficult to distinguish from symptoms of transient ischemic attack, and since the latter is a risk factor for subsequent vascular events, particularly stroke, the association between active migraine with aura and CVD may be confounded by this mechanism. However, we believe this is an unlikely explanation, since the association between active migraine with aura and ischemic stroke is strongly apparent in younger women who have very low rates of prevalent transient ischemic attack. 39 Fourth, we had no detailed information regarding the use of migrainespecific drugs (ie, triptans and ergot alkaloids) during the study. Because of their vasoconstrictive ability, these drugs may be associated with increased risk of vascular events. The cardiovascular safety profiles of migrainespecific drugs, however, do not support a strong association with CVD events. 29, 30, 40, 41 In addition, since migraine-specific drugs are used by all migraine patients, not only those with aura, it seems an unlikely explanation of our findings. In the WHS, women were asked on the 48-month questionnaire to provide information regarding medication use during the previous 2 weeks. The frequency of migrainespecific drug use among women who reported active migraine at baseline was 5.3% and was not significantly different according to aura status (P=.40).
Fifth, although we adjusted for a large number of potential confounders, residual confounding is possible since our study design is observational. However, the striking specificity of our findings for active migraine with aura and the biological plausibility makes such an explanation unlikely.
Sixth, we had no information regarding the duration of migraine prior to study entry or migraine frequency during follow-up. However, when we updated information on active migraine during follow-up, the association between active migraine and CVD was essentially unchanged (data not shown).
Finally, participants of the WHS were all health care professionals aged 45 years or older and mostly white; thus, generalizability may be limited. We have no reason, however, to believe that that the biological mechanisms by which migraine with aura may be associated with increased risk of vascular events may be different in other female populations.
In conclusion, in this large, prospective cohort of women, active migraine with aura was associated with an increased risk of subsequent overall and specific ischemic vascular events including coronary heart disease. Women who reported active migraine without aura did not have significantly increased risks for any ischemic vascular event. Since migraine without aura is far more common than migraine with aura, our data demonstrate no increased risk of CVD for the majority of migraine patients. Future research should focus on a better understanding of the relationship between migraine, aura status, and cardiovascular events.
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